The main aim of this paper is to evaluate the economic response of different irrigation water levels in an early ripening peach variety. In this sense, we evaluate the economics and overall water use efficiency. The test is designed with 4 irrigation water strategies. The economic indices used that use net margin show that all the alternatives are viable although the control with its Net Margin (NM)/Cost (C) of 23.6% is of particular note. This is followed by R50, the highest deficit treatment, with an NM/C of 16.0%. The mean production cost was almost identical in the optimal treatment (control) and the R50 deficit treatment, €0.69 and €0.70, respectively. R50 was the most efficient treatment, with a Water Use Efficiency (WUE) of 5.54 kg·m ), while the other treatments were far from these figures. Peach cultivation generates a lot of employment and in all cases the Number of Agricultural Jobs (NAJ) ha −1 was around 0.59. As regards the social efficiency of water, the deficit treatments we applied reached high values in this respect, reaching 181 NAJ hm −3 in R50.
Introduction
The European Union is responsible for 27.1% of the world's production of peaches in 16.7% of the worldwide area dedicated to the same. Spain is the second largest grower within the EU [1] . Spanish production is characterized for its precocity, majority being in peach and spends around 20% for industry [2] .
The concentration of supply in summer months and competition from non-EU countries have led to European producers bringing forward production from July-September to earlier in the year. Accompanying this move, the use of drip irrigation has become widespread in southern European countries to ensure high yields of quality fruit, especially in areas where water is scarce. Such is the case in the region of Murcia [3] , where, in the same area as before, this technology has enabled growers in the last 25 years to double their production of peaches. One of the great advantages of localized irrigation is the improved water use efficiency that has been attained, which has meant that peach can be grown in areas where water is scarce. In this respect, the contributions of and [4] were pioneering in the technique of Regulated Deficit Irrigation (RDI) in peach. Despite differences in the findings due to climatic and edaphic factors, the rootstock used etc. [5] , many studies have demonstrated that, apart from the savings and increased efficiency that are possible, RDI rationalizes water use [6, 7] , controlling tree vigour, decreasing pruning costs and diminishing pests and disease [8] . Practically all RDI studies in peach have been made in medium or long flowering-maturation cycle varieties where the postharvest period is short or minimal [9] [10] [11] [12] [13] . Phase II of fruit growth (pit hardening) is the time when deficit irrigation is most beneficial since neither the quantity or quality of the resulting fruit is affected [6] .
As mentioned, Spanish peach growers are increasingly concentrating on early or mid (May-June) ripening varieties, the corollary being that the postharvesting stage is very long. Although studies on RDI in such varieties are scarce, it is evident that the postharvest stage is most suitable for submitting trees to a water deficit regime [14, 15] , since there is no fruit involved, which reduces water demand and the possible depressive effects on future production are minimal.
The special climatic conditions of the Region of Murcia (hereafter Murcia) have enabled peach and nectarine plantations to be concentrated in areas that enjoy mild winter and spring weather, where growers can plant early ripening varieties that have little need for cold, thus minimizing market competition and lengthening the presence also. All these varieties are destined for the European market, while the socio-economic importance of the crop in the province has grown considerably [16] . In Spain and Murcia, in particular, relatively high prices can be charged as a result of the added value represented by the crop's earliness. Another remarkable characteristic is the high need of labour [17] . While the particular circumstances of each producing country determines overall production costs, the greatest proportion of such costs, in general, is associated with the workforce necessary and, in peach, the main tasks in this respect are related with pruning, thinning and harvesting [1, 16, 18] .
Rainfall and evaporation in the growing area under study establish strict limitations as regards the water balance and water resources available. In the Segura river basin and in the whole region of Murcia there is a serious problem for agriculture in this respect [19, 20] . Since water limits the area available for irrigation in the most suitable productive conditions, the election of the most suitable growing options must be based on socio-economic criteria [21, 22] . Hence, the economic efficiency differential related with water will orientate the producer to choosing the option that maximizes profit per unit of water used [23, 24] .
The main aim of the project "Economic and agronomic effects, and controlling pests and diseases at different levels of irrigation in early peach crops" is to evaluate in the environmental conditions of south-eastern Spain, the economic response of different irrigation water levels in an extra-early ripening peach variety. In this sense, we evaluate the economics and overall efficiency (productive, economic and social) of water use.
Material and Methods

Field Conditions, Plant Material, and Irrigation Treatments
The experiment was carried out in a plot growing the extra-early nectarine variety Casasil®, which, in Murcia, ripens during the first week of May. The plot is situated in a commercial orchard of the area known as "PeraPera" in Blanca Blanca (38˚12'N, 1˚20'W, 245 m), one of the several areas dedicated to early-ripening fruit trees in Murcia. Adult (8 year old) trees grafted on hybrid almondxpeach rootstock (GF 677) and in full production were used. The tree were planted in a 5.5 × 3.5 m framework (520 plants/ha) and drip irrigated (4 emitters per tree, 4 l·h
). Four different irrigation treatments were studied ( Table 1 Each sector dedicated to a particular treatment had a meter to record the real amount of water applied. Each treatment was divided into four completely randomized plots (four repetitions of the basic plot). The basic plot comprised 3 parallel rows of 8 trees. Measurements were made in the 6 central trees, while the outermost trees acted as guard trees to avoid the effects of the neighbouring treatments. The soil moisture levels of each treatment were measured and controlled by a Diviner 2000  probe (one per treatment).
Rainfall was not considered in the calculation of irrigation water applied since amount was small and very irregular his annual deal both. The normal cultivation practices as in the commercial orchard were followed. The time taken over manual tasks, winter and summer pruning, thinning and harvesting was also measured, as was the time used for phytosanitary treatments and other tasks applied to the basic plot. The same fertilization was applied to all the plots to avoid any variability that might otherwise be introduced: 125 kg·ha −1 N, 55 kg·ha −1 P 2 O 5 and 210 kg·ha −1 K 2 O.
Cost-Benefit Analysis and Productive and Socioeconomic Water Use Efficiency
We used costs accounting [25, 26] to calculate several economic indices and, from these, to make a costs analysis. The net margin (NM) [26, 27] was obtained as the difference between incomes and costs, representing the pre-tax profits. As microeconomic indicators we used NM/investment (NM/K 0 ), NM/total costs (NM/C), viability threshold (VT) or cost production and break-even point (BEP) [16, 25] . The break-even point is the minimum price per kilogram of product that is compatible with the viability of the activity, that is, the mean cost of production. The same parameter also indicates the minimum production for a given selling price that is compatible with the viability of the activity.
Other indices useful for analyzing the efficiency of irrigation water use were determined, given the importance of this limited a resource in the Mediterranean Basin. These were water use efficiency expressed as kg produced/m 3 , gross productivity or gross incomes/m 3 [22, 28] , net margin/m 3 or economic efficiency. Also as an indicator of the social importance of water, the number of agricultural jobs (NAJ) associated with every hm 3 of water consumed and the NAJ ha −1 to estimate the social importance of this crop in relation to others. This social efficiency of water, proposed by some author as the ratio generated employment/consumed water [22] , is also used by [24] in specific studies for fruit trees in Murcia. Lastly, the maximum price of water below which the business to generate positive results, or water viability (WVT) [8, 29] .
The costs and incomes for each treatment were calculated for the 2007, 2008, 2009 and 2010 campaigns; the economic analysis is a comparative analysis between several irrigation levels, with the same hypothesis of selffinancing for all the treatments. The costs and incomes established are the mean for the four years of the experiment so that they are representative of an average production year. The amounts of water provided for the different treatments are shown in Table 1 .
The fixed assets costs are the same for all the treatments and the useful life calculated was based on the experience of growers covering recent years as real half life. Table 2 shows the initial investment and the corresponding depreciation calculated by the lineal method or constant quotas.
Initial value residual value Annual depreciation
Useful life
 
All the costs include the corresponding opportunity cost, calculated as an alternative use of the capital invested in risk-free bank accounts (calculated as an interest of 1.5% according to current rates and taking into account inflation). The ownership and tenancy of the land was considered as non-depreciating fixed assets [26] .
It should be noted that the purchase of equipment necessary for cultivation tasks-a 60 -80 hp tractor with the corresponding farm tools, 2000 litre tank and tipping trailer-since the depreciation of these goods solely for the orchard in question would make the activity unviable. Therefore, we take into consideration the farm machinery offered by external services or fellow growers. To calculate the employment generated, we establish a fixed salary cost of 14,250 €/year (including salary and social security) for 1840 hours of work per year [8, 24] .
The cost of the irrigation water is the real price for the , respectively). In turn, the incomes are calculated as a function of production and the weighted mean price of the different harvests (3 to 5 depending on the year) into which the total production is divided. The price per kilo of fruit (Pr Fr) produced for each irrigation level was obtained using the following formula: VFTr Pr c Kc
PTr kt Table 3 shows the results obtained for the production and selling price (3(a) and 3(b), respectively). The price shown is the weighted mean price for each annual harvest, considering the different qualities (commercial sizes) and, lastly, the final result for the global weighted mean price. The average production and global weighted price are average values used in the subsequent economic calculations. An economic analysis must use production and price mean values in order to obtain representative results. It is considered that four years included in this analysis establish a representative average year of an economic reality.
Results and Discussion
We are working with a variety "low chill" with flowering time between January ending and early February. His ripening time is in early or medium May. Then we have a variety that developed its fruit growth cycle at environmental conditions of low irrigation water requirements and high probability of cold temperatures, too. Table 4 represents the cost accounting per productive unit established, both in absolute and in relative terms, indicating the relative importance of each of the costs with regard to the total. The accounting structure points to an intensive system that involves very high operating costs compared with fixed assets [16] . This underlines the fact that the activity in question must be cash-rich to cover annual operating costs. Fixed assets amount to €877/year/ha compared with operating costs of €12,000/ year/ha, that is, assets only account for 7% of the annual production costs, so that the operating costs are very high (93%). All the treatments involve very similar production costs per unit area (ranging from €12,547 to €13,011/ha). Labour costs are the biggest costs in quantitative terms in peach crops in many areas of the world, including the Mediterranean region of Spain [1, 2] . Of particular note in this respect are the relative importance of costs associated with thinning, harvesting and pruning [18, 30, 31] , purely manual tasks, which in our case represent between 54% and 61% of production costs ( Table 4) . [1] found labour costs represented 52% of the total costs in Andalusia (Spain). The water used for irrigation is extremely important for being a limiting production factor which determines, depending on how it is used, the real economics of an irrigated crop. However, as can be seen in Table 4 , the relative cost of water (the sum of the cost of the water and associated electrical energy) represents only 8.5% of the total costs, falling to 6.8% in the greatest deficit treatment since the quantity of water used per hectare is very low and despite the fact although the cost of the water is high (€ 0.21 m ) compared with other production areas. For example, in the Ebro basin the mean amount of water used in drip irrigated peach crops reaches 5865 m 3 ·ha −1 [28] , that is, 1236 m 3 per hectare less than the economically best treatment in our case, the control ( Table 1 ). The price of the water used in our study (from the Tajo-Segura transfer system) is that which exists in the area at the present time and can reach up to 0.26 € m −3 [3] . However, it is common practice to use subterranean and desalinated water (costing in excess of 0.33 € m ) to compensate for the deficit in the water supply. Table 5 depicts the indicators used in the comparative economic analysis and, lastly, the indicators obtained and used for the analysis of irrigation water use efficiency ( Table 6) .
The economic indices used that use net margin show that all the alternatives are viable although the control Abbreviations: NM/K 0 , net margin/investmet; NM/C, net margin/total cost. with its NM/C of 23.6% is of particular note. This is followed by R50, the highest deficit treatment, with an NM/C of 16.0%. The lower figure in this case is the result of lower production (3.8% less than the control) and, especially, to the lower caliber fruit and therefore lower weighted average price (−5.8%). A similar finding for deficit treatments was mentioned by [12] and was also evident in our R150 treatment. In all cases the NM/K 0 index was lower tan the NM/C, pointing to a high long term profitability but with a large initial investment (€16,318 €) as seen from Table 5 .
The mean production cost was almost identical in the optimal treatment (control) and the R50 deficit treatment, €0.69 and €0.70, respectively, and very similar to those found in other studies of early varieties [1] . Lastly, in our cultivation conditions and prevailing market conditions, the minimum quantity that must be produced to make the operation viable (the break-even point) is 15,350 kg·ha
for the control, a figure substantially below the mean production achieved in recent years [16] . Indeed, taking into consideration the break-even point, all the treatments could be regarded as being amply productive. Despite using the greatest amount of water, treatment R150 was the least profitable and competitive, with a mean production cost of € 0.72 kg −1 and high break-even point. In reference to the analysis of the efficiency of water as input, Table 6 shows the overall water use efficiency, that is, the indicators of productive, economic and social efficiencies. Although apparent productivity and production efficiency were greater in the deficit treatments than in the control, the economic efficiency of the control was substantially higher than that of the treatments. R50, for example, showed high economic efficiency that was close to that of the control (0.65 and 0.74 € m , respectively). The gross economic index or water productivity (WP) index has been used for several crops, and sometimes as a comparative index between crops [28, 32, 33] or between different irrigation strategies in the same crop [34] . In our case, the deficit irrigation treatments were the most productive, reaching 4.51 € m −3 in R50. The least productive in terms of water use was R150 at 2.89 € m . These values are above those mentioned by [16] in early peach crops (2.62 € m
−3
). The water use efficiency (WUE) is the most widely used index in the related scientific literature on a variety of crops [8, 29, 35, 36] . In our case, R50 was the most efficient treatment, with a WUE of 5.54 kg·m −3 , which is even better than the most favourable result found by [12] in peaches in California (4.14 kg·m ), by [15] in Italy (4.69 kg·m −3 ) or [28] in the Ebro basin in Spain (4.1 kg·m
). This confirms that all the treatments we describe strictly control the quantity of water used ( Table  1) .
The use of MN m −3 as efficiency index reflects the benefit generated per m3 of water. This was greatest in the control (0.74 € m ) while the other treatments were far from these figures. The most inefficient in this respect was the treatment that used most water (R150). [28] found the net economic productivity water in peach to be 0.74 € m . Of all growth in of Murcia, late peach varieties were the least efficient, the medium late and late varieties presenting values of 0.33 and 0.37 € m −3 , respectively [16] . Peach cultivation generates a lot of employment, and in all cases, the NAJ ha −1 was around 0.59 (only taking into consideration production and harvesting), which is higher than figures for irrigated vine (0.12) or agriculture in general (0.05) [37] . As regards the social efficiency of water, that is, the employment generated per hectometer of water used, this indicator has also been used in other studies such as that of the [38] , which considers the horticultural sector of Murcia in general. The deficit treatments we applied reached high values in this respect, reaching 181 NAJ hm −3 in R50, while the control figure was also high at 130 NAJ hm −3 . Lastly, the WVT is the maximum price of water that the activity can withstand and remain profitable. This is a very important index in arid and semiarid areas where water is in short supply and expensive, with a tendency to increase. This index, therefore, indicates which irrigation strategies and crops are competitive in given circumstances. The control treatment in our case was the most competitive and could support prices of up to € 0.95 m . The WVT obtained highlights the fact that early peach varieties in south-eastern Spain do not have a very close dependence on the price of water. It is the availability of water, rather than its price, that is important, at least at the prices paid at the present time.
Conclusions
Irrigation water is an important production factor because of its limited supply, and its management largely determines the economics of an irrigated plantation.
The water cost for early peach growing has a minor importance in relation to the total production costs, while labour costs are determining. This is due to the low water consumption and the high demand on labour for thinning, pruning, and harvesting, and it is based on the productive and vegetative characteristics of early peach varieties.
All of the tested irrigation strategies turned out to be economically viable, being the control the most profitable of them. There were no high differences in production and in calibre, and the fruit weighted prices were relatively high for all.
Water use efficiency was seen to be very high both in productive and socio-economic terms. These varieties generate very high gross incomes, and show substantial employment needs, hence the activity we describe in this study can be considered as a contribution to the continuation of rural life and its welfare.
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